Abstract-The optimal composition of fish gelatin-alginategenipin to encapsulate Bifidobacterium pseudocatenulatum G4 was studied. The Face Central Composition Design-Response Surface Methodology (FCCD-RSM) was employed to determine the optimal ration of the matrices in order to obtain high in encapsulation yield (%) and beads strength. Results indicated that optimized matrices could increase the entrapped viable cells and beads strength. The optimal combination of encapsulating matrices was found to be 12.57 % for fish gelatin combined with 5 % alginate and 19.1 mM genipin. Verification experiment confirmed the prediction with low value error and gave indication a good performance prognosis of the optimal formulation.
INTRODUCTION
Probiotic are defined as live microbial feed supplements that have beneficial effects on the host by improving its intestinal microbial balance [1] . There are various health benefits upon probiotic consumption such as normalized the intestinal microbial, lowered serum cholesterol, reduced risk factors for colon cancer and many more. The consumption of probiotic is usually recommended between 10 8 -10 9 cfu/mL in food products. However, the numbers of viable probiotic bacteria in products and upon reaching to the target area is still low.
The approach of probiotic cells encapsulation has received a good attention for past 10 years, since it can reduce losses of sensitive bacteria by detrimental external factors such as oxidative or acid stress during storage and digestion [2] . Among the encapsulation procedures, cell encapsulated in gelled biopolymer of calcium-alginate matrix is commonly used because of its simplicity, nontoxicity, biocompatibility and low cost [3] . However, the gel is susceptible to disintegration in the presence of excess monovalent, ion Ca 2+ chelating agents and harsh chemical environments [4] . Moreover, alginate tends to undergo a reduction in molecular weight in low pH environment. This had caused unstable of the crosslink activity in the matrix system and process of degradation occurred faster, leading to release active ingredients into the non-target area [5] . Gelatin is reported as an excellent candidate to be incorporated with alginate due to its amphoteric nature [6] . However, it is only limited to porcine gelatin. As a result, an alternative fish gelatin needs to be explored for their ability to encapsulate probiotic bacteria.
The purpose of the present study was to optimized fish gelatin-alginate-genipin as encapsulating matrices for Bifidobacterium pseudocatenulatum G4 by using Face Central Composite Design-Response Surface Methodology (FCCD-RSM). In this study, encapsulation yield of probiotic and beads strength were determined.
II. MATERIALS AND METHODS

A. Microorganism preparation
Bifidobacterium pseudocatenulatum G4 (G4) was used in this study. Frozen stock of G4 (in 20% v/v glycerol with 10% skim milk supplemented with 0.05% yeast extract) was activated in initial optimized skim milk (5.89% w/v) supplemented with yeast extract (2.31% w/v) medium, incubated under anaerobic condition using Anaerocult® A (Merck, Darmstadt, Germany) at 37°C for 24h to obtain a cell density of about 10 7 colony forming units per mL (cfu/mL). The inoculum was further cultivating using 2-L stirred tank bioreactor (BIOSTAT® B, B. Braun Biotech International, Melsungen, Germany) to obtain higher cell densities. Fermentation was operated at 0.56 ms -1 impeller speed with the agitation maintained at 200 rpm and 37°C incubation temperature for 18 h under anaerobic condition created nitrogen free oxygen. Cells were harvested by centrifugation at 8000 rpm (3578 x g) for 10 min and after discarding the supernatant of spent culture, the cell pellet was resuspended in peptone saline (1 g/L peptone, 8.5 gL-1 NaCl) and centrifuged again under the same conditions. Washed cells were then resuspended in a total of 10 mL peptone saline and stored at 4°C until usage. Fresh cells suspension was prepared for encapsulation.
B. Encapsulation procedure
Encapsulation of G4 was prepared using extrusion method. One percent (1% v/v) of washed cell suspension was added to sodium alginate (1 -5%, Sigma Aldrich Co, St Louis, MO, USA) to obtain a cell to sodium alginate ratio 1:10. Fish gelatin (Type A, ~ 60kDa) (Sigma Aldrich Co, St Louis, MO) were prepared separately by dissolving the gelatin powder in distilled deionized water (DDW) in stirring at pH 7. An internal coating was obtained by adding the cell-alginate mixture into each aqueous gelatin and leave it stir for 30 min. Genipin (Challenge Bioproducts Co, Taiwan, PRC) was subsequently added into the mixture and leave stir at a constant speed (200 rpm) for 60 min using Digital Stirrer (WiseStir®, MSH-30D, Korea). The mixture was then injected through a syringe needle (23G) into hardening solution, 0.1 M CaCl2 by using peristaltic pump (Plate 3.2). The distance between the syringe and CaCl 2 (Fluka, St. Louis, USA) was 10 cm and the dropping rate was 159 dropsmin -1 . The beads were allowed to stand for 1 h for hardening. The beads were then harvested, filtered and washed twice with deionized water before transferred to a sterile SCHOTT DURAN® laboratory glass bottles with screw caps (SCHOTT DURAN®, Mainz, Germany) containing 0.1% (w/v) sterile peptone solution and kept at 4°C for further analysis.
C. Analytical Technique i) Encapsulation Yield (EY %)
Encapsulation yield was determined by release the entrapped G4. The release activity was done by using phosphate buffer (0.05 M, pH 8.0) because phosphate ions chelate calcium thereby weakening the alginate for effective release of cells. The homogenized sample was diluted to appropriate concentration and spread on TPY agar (Scharlau-Chemie, Barcelona, Spain). The plates were subsequently incubated anaerobically using Anaerocult ®A (Merck, Darmstadt, Germany) for 48 h to 72 h at 37°C. The encapsulated cells were enumerated as log 10 cfu/mL. The encapsulation yield (EY), which is a combined measurement of the efficacy of entrapment and survival of viable cells during the encapsulation procedure, was calculated as follows (Eq. 1)
Eq. (1) Where is the number of viable entrapped cells released from the beads, and N 0 is the number of free cells added to the biopolymer mix during the encapsulation procedure.
ii)
Beads strength determination The method for determining the strength (g) of the beads was modified from a previous reported by Edward-Lévy and Lévy (1999) [7] . Analysis of the mechanical property of the beads was carried using a texture analyzer (TA.HD plus, Stable Micro System, UK) with a 50 kg load cell equipped and a cylindrical aluminum probe of 36 mm in diameter. The probe was positioned to touch the beads, recorded as the initial position and then the probe flattened the beads. The compression of the beads was measured using following conditions: Test mode: hardness (g), Pretest speed: 1 mms-1, Test speed: 2 mms-1, Target mode: strain, Distance: 5 mm, Trigger force: 50 g, Time: 5 sec. The probe was removed when the beads was reduced to 50% of its original height. The maximum force (g) at 50% displacement represent the strength of the beads was recorded and analyzed by Texture Exponent 32 software program (version 3.0). Three measurements were performed on each sample.
D. Experimental design and statistical analysis. First
Step: Perform Screening Experiments: Appropriate ranges of bovine /fish gelatin, sodium alginate and genipin were determined by the screening experiment, which were 13% (w/v) for bovine/fish gelatin, 1 -5% (w/v) for sodium alginate and 0, 5, 10, 15, 20 and 50 mM (at final concentration) for genipin. Experiments are carried out in triplicates.
Second Step:
Optimization Using Face Central Composite Design (FCCD): Response Surface Methodology-Face Centered Composite Design (RSM-FCCD) was used to design experiments, model and optimize four response variables namely encapsulation yield (%), beads strength (g), beads strength after SGF (g) and beads strength after SIF (g). Each independent variable was coded at three levels between -1 and +1, where the variables fish gelatin, sodium alginate and genipin were changed in the ranges shown in Table 1 . The ranges of selected parameters were determined by preliminary experiments. Fourteen experiments were augmented with five replications at the center points to evaluate the pure error and to fit a quadratic model. The optimum growth point predicted by the quadratic model was expressed as follow (Eq. 2): The statistical software package Design-Expert version 6.0.6, Stat-Ease Inc., Minneapolis, USA was used for regression analysis of experimental data and to plot response surface. Third
Step: Verification, the mathematical model generated during RSM-FCCD implementation was validated by conducting experiment in given optimal encapsulating matrices setting. 
III. RESULTS AND DISCUSSION
A. Screening experiments
A conventional screening in determining fish gelatin, genipin and sodium alginate for G4 encapsulation was carried out. On the first trial, fish gelatin and sodium alginate were fixed at 13% (w/v) and 1% (w/v), respectively. Meanwhile, a genipin concentration was used in the range from 0 to 20 mM. However, all combinations of encapsulating matrices failed to form beads. In the subsequent step, second trial of encapsulating matrices was performed by fixing fish gelatin and genipin concentrations at 13% (w/v) and 50 mM, respectively. On the other hand, sodium alginate was used in the range from 1 and 5% (w/v). The results revealed that beads were unsuccessfully structured at the combination of fish gelatin and genipin with 1 to 3% (w/v) of sodium alginate. Nevertheless, for the combination of 4 and 5% (w/v), the beads were well formed. The use of fish gelatin in this study was low in molecular weight and some of the gelatin with these characteristics was not really incorporated into polymers like sodium alginate. This probably because fish gelatin might lack polar positive amino acids residues like arginine and lysine that have low electrostatic interaction with negative charge of alginate residues. In addition, small amount in hydrophobic amino acids like tyrosine and serine might also lead to unsuccessful formation of defined shape of beads [8] .
Optimization using Face Centered Full Factorial DesignResponse Surface Methodology (FCCD-RSM)
The FCCD-RSM experiments contained 19 trials including 14 experiments for axial points and 5 experiments for the replication of the central points. The results of the encapsulation yield (EY) and beads strength (BS) are presented in Table 2 . The independent variable (factor; x) and dependent factor (responses; y) were fitted to the second order polynomial function and examined for the goodness of fit. Table 3 revealed that the model equation and experimental results were in good agreement with insignificant "Lack of Fit" as the p value was more than 0.05 (p = 0.6871). The "Lack of Fit" test demonstrates that if the value between the experimental and calculated values according to the equations can be explained by the experimental error. The model with no significant "Lack of Fit" is appropriate for the description of the response surface [9] . The goodness of fit model can be further verified by referring to coefficient determination (R 2 ). Higher R 2 (more than 0.85) indicating that high correlation between experimental and predicted value [10] . In this study, the value of R 2 for encapsulation yield was 0.9424. Additionally, high adequate precision value of more than 4 suggested that the model was satisfied for optimization process [11] .
The response surface plot simulated by the adjusted modl is shown in Fig. 1 (a-b) . The 3D-plots were obtained by plotting the EY % on the Z-axis against two factors while keeping other variables at their "0" level or center point value. Fish gelatin and sodium alginate exhibited positive response on EY %. The maximum EY % was predicted when both matrices were increased. Nevertheless, continuing the increase of fish gelatin resulted in slight reduction of EY % response in all sodium alginate concentrations used. In this study, fish gelatin, genipin and sodium alginate matrices influenced the beads strength as well as in encapsulation yield. The model showed that the most significant factor for all the responses was fish gelatin. However, fish gelatin function was unable to be used alone in the encapsulation system. The presence of genipin and sodium alginate was also important, where genipin role was observed more significant than sodium alginate. It was reported that the EY % of bacteria depended on the gelatin bloom strength [12] and viscosity of sodium alginate [13] . The authors also suggested that as the bloom strength of gelatin and alginate viscosity were low, the EY % of bacteria was high and this was due to the low shear force required to mix cells with these solutions. In this study, the optimum 2012 IEEE Symposium on Humanities, Science and Engineering Research concentration of fish gelatin with low molecular weight at 12.25% (w/v) and sodium alginate at the range of 1 to 5% (w/v) might have resulted in suitable thickness to entrap G4 more effectively during mixing. 
ii) Beads strength
It can be observed that the hardness of beads strength ranges from 173.52 to 2035.12 g with the increase of encapsulating matrices (Table 2 ). Among the tested models, a quadratic model was found to be the best fit model for y 2 response with the most significant value (p < 0.0001) compared to other models. The strength beads can be predicted using a quadratic model equation generated as follows (Eq. 4) Subsequent ANOVA and regression analysis as shown in Table 3 give indication that the model was statistically insignificant due to the "Lack of Fit" (p > 0.05). Therefore, there was no lack of fit between model equation and experimental results. The coefficient of determination value (R 2 ) of the model equation is 0.8744, and this implies that the model equation has good prediction capability. Moreover, high adequate precision of more than 4 indicates a sufficient signal for the process.
The relationship between the factors and the response are shown in Fig. 2 (a-b) . Both fish gelatin and alginate showed a good interaction on the beads strength (Fig 2a) . The maximum response was observed when fish gelatin was increased up to 12.25% (w/v) as the sodium alginate was increased. Nevertheless, the beads strength slightly declined when fish gelatin was moved below or above this optimum point. As shown in Fig. 2b , the beads strength increased at lower genipin concentration (10 mm) used whilst fish gelatin increased from 10 to 11.5% (w/v). However, it was decreased as fish gelatin continued to increase up to 13% (w/v). In contrast, the beads strength increased at high genipin concentration (50 mm) as fish gelatin increased from 10 to 13% (w/v). It was observed that the use of highest fish gelatin concentration at 13% (w/v) and genipin at 50 mm resulted in maximum beads strength value. The lowest fish gelatin and genipin concentrations at 10% (w/v) and 10 mm, respectively produced minimum beads strength. These results indicate that both matrices showed positive interaction on the response, y 2. The cross link between genipin and gelatin can be established by the reaction of the ester group in genipin with the amino group mainly tyrosine in gelatin, leading to a polymeric network structure [14] . However, several researchers reported that fish gelatin contains low amount of tyrosine, which is less than 1% [15] and this might be responsible for the gel instability. The use of genipin in high concentration is able to initiate the covalent cross linking activity in order to enhance the physical features of beads as shown in the present study. It was also observed that the beads strength increased as the concentrations of sodium alginate and genipin increased while fish gelatin was fixed at the constant rate. Again, it was noted that genipin demonstrated more influence on the beads strength compared to sodium alginate with the presentation of fish gelatin in the system. On the other hand, the use of sodium alginate in contributing the beads formation was also important as the highest beads strength value was predicted to be obtained when maximum sodium alginate (5% w/v) and genipin (50 mM) were employed. Although the interaction of these two matrices has not been well understood, it is believed that the interaction of the matrices with fish gelatin played an important role. 
B. Verification
The optimum fish gelatin, genipin and sodium alginate were obtained by considering the desired responses that were set at maximum encapsulation yield (y 1 ) and beads strength (y 2 ). The optimal encapsulating matrices formulation was generated with fish gelatin, genipin and sodium alginate at 12.57% (w/v), 19.12 mM and 5% (w/v), respectively. An independent additional experiment was carried out in order to verify the optimum combination of encapsulating matrices on the desired responses. As shown in Table 4 , all the responses values derived from the verification experiments were close to the FCCD-based prediction, with low value error ranging from 0.74 to 6.93% and no apparent significant differences (p>0.05). Table 4 Comparison of experimental and predicted beads strength and encapsulation yield using optimized fish gelatin, genipin and sodium alginate. 1 Encapsulation yield (EY in % ) 2 Beads strength (BS in g) * Value in the same column with different letters were significantly different (p < 0.05)
IV. CONCLUSION
In conclusion, fish gelatin source with the combination of genipin and sodium alginate can be successfully used as encapsulating matrices for probiotic application. The developed models using FCCD-RSM can be used for prediction of the amounts of these encapsulating matrices to obtained the optimum encapsulation yield (EY %) and beads strength (before and after simulated gastric/intestinal fluids exposure). The models can also be used to identify the most important factors for the responses. 
